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(57) A one-chip system large-scale integrated cir- 
cuit comprises: a storage circuit in which a program has 
been stored; a processor circuit for processing an oper- 
ation in accordance with the program using a program 
counter, a computing unit and a register; and a periph- 
eral circuit, capable of sending and receiving a signal to 
and from the processor circuit using at least one func- 
tional block, for carrying out a predetermined logical op- 
eration in accordance with an input signal. The proces- 
sor circuit further comprises, a selection element for op- 
tionally selecting one of the outputs of the program 
counter, the computing unit and the register, at least one 



output of the storage circuit, and one of the outputs of a 
plurality of internal signals in the peripheral circuit in- 
cluding the output of the functional block; and a monitor 
control element forcontrolling selection of a result signal 
from any operation process in any place of the proces- 
sor circuit, the storage circuit and the peripheral circuit, 
on the basis of an external monitor signal which is sup- 
plied from the outside of the system LSI via an external 
terminal. Thus, when the debug of the one-chip system 
LSI is monitored, a region and operation process having 
caused a bug can be precisely monitored, so that it is 
possible to carry out an efficient debug. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to a 
one-chip system large-scale integrated circuit including 
a processor circuit and its peripheral circuit. More spe- 
cifically, the invention relates to a debug monitoring 
function capable of easily and surely verifying operation 
and monitoring debug of a firmware in real time in a real- 
time system large-scale integrated circuit which com- 
prises a processor circuit, such as a microprocessor 
unit, and its peripheral circuit in one chip. 
[0002] Recently, microprocessor units (which will be 
briefly hereinafter referred to as MPUs) have very com- 
plicated functions, and it is not easy to precisely analyze 
their operation. For that reason, in recent years, as 
shown in FIG. 1 , a system large-scale integrated circuit 
(which will be briefly hereinafter referred to as an LSI) 

50 serving as a systematized LSI is often provided with 
an MPU 51 which is operated by a software called a de- 
bugger 55, provided in an outer storage unit 53 with oth- 
er programs 54, for supporting analysis of operation, or 
an MPU 51 in which a debug backup (support or aid) 
circuit 52 coordinating with the debugger 55 to operate 
is previously incorporated. 

[0003] In the system LSI 50, when the M PU 51 serving 
as a processor circuit, a peripheral circuit and storage 
are intended to carry out predetermined operations, log- 
ical operations, and read and writing operations, there 
are some cases where it is not possible to carry out a 
predetermined logical operation, a predetermined logi- 
cal operation or a predetermined reading or writing op- 
eration for some reason. The cause of such operation 
failure is called bug (defect/failure). The debugger 55 
and the debug backup circuit 52 can analyze operation 
in the system LSI 50 to detect the places of bugs to re- 
move the bugs. 

[0004] Therefore, if the debugger 55 and the debug 
backup circuit 52 are provided, the debugger 55 and the 
debug backup circuit 52 can easily make the tracing of 
a program, execute steps and set a break point and a 
scan chain, and can verify the operation of the MPU 51 
in detail from a system external device 58 which is pro- 
vided outside of the chip of the system LSI. 
[0005] On the other hand, as shown in FIG. 2, when 
the operation of the system LSI 50 including the MPU 

51 and a peripheral circuit 56 is analyzed, if the system 
has a strong real-time property, only the debug using 
the execution of steps and the break point is difficult to 
maintain the consistency of timing with the system ex- 
ternal device 58 and the peripheral circuit 56, so that it 
is difficult to sufficiently reproduce the operation of the 
system LSI 50. That is, with respect to the debug of the 
single MPU 51 in the system LSI 50, it is possible to 
verify operation by means of the debug backup circuit 

52 such as the conventional debugger 55, but the ex- 
change of signals between the MPU 51 and its periph- 



eral circuit can not be debugged in detail. 
[0006] Furthermore, the peripheral circuit 56 is pro- 
vided with a plurality of functional blocks 57 for exchang- 
ing signals. In the system LSI 50 including a plurality of 
5 MPU cores as a processing unit, it is difficult to directly 
monitor internal signals in the LSI 50, and the timing with 
the peripheral circuit 56 including the plurality of func- 
tional block 57 is restrained, so that it is difficult to verify 
operation by means of the above described single de- 
10 bugger 55 for verifying the operation of the MPU 51 . 
[0007] Moreover, as shown in FIG. 3, if terminals 59 
only for monitoring are newly provided in order to mon- 
itor internal signals in the LSI 50, the number of pins 
increases by the number of the increased terminals, so 

15 that the kinds of signals to be monitored must be restrict- 
ed due to the constraint of the number of pins of the LSI 
50. That is, there is the possibility that an object to be 
debugged may be restricted by the constraint of the 
number of pins. The LSI including the plurality of func- 

20 tional blocks 57 includes a circuit which is called a scan 
chain for applying an initial state to system internal cir- 
cuits, such as the MPU 51 serving as the processor cir- 
cuit and the peripheral circuit 56, end conversely, tor 
reading the state of the internal circuits to the outside, 

25 and which has been utilized to analyze operation for de 
bug. 

SUMMARY OF THE INVENTION 

30 [0008] It is therefore an object of the present invention 
to eliminate the aforementioned problems and to pro- 
vide a one-chip system large-scale integrated circuit ca- 
pable of efficiently debugging a processor circuit and a 
peripheral circuit by precisely monitoring which region 

35 have bugs and which operation process causes bugs 
when the processor circuit and the peripheral circuit in 
the one-chip system LSI are monitored to be monitored. 
[0009] In order to accomplish the aforementioned and 
other objects, according to the present invention, aone- 

40 chip system LSI comprises: a storage circuit in which at 
least one program has been stored; at least one proc- 
essor circuit for carrying out a processing operation in 
accordance with the program, the processor circuit hav- 
ing a program counter, at least one computing unit and 

45 at least one register; and a peripheral circuit, capable of 
sending and receiving a signal to and from the processor 
circuit, for carrying out a predetermined logical opera- 
tion in accordance with an input signal, the peripheral 
circuit having at least one functional block, the system 

so LSI further comprising: selection means for optionally 
selecting one of the outputs of the program counter, the 
computing unit and the register in the processor circuit, 
at least one output of the storage circuit, and one of the 
outputs of a plurality of internal signals in the peripheral 

55 circuit including the output of the functional block; and 
selection control means for controlling selection of a re- 
sult signal from any operation process in any place of 
the processor circuit, the storage circuit and the periph- 
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eral circuit, on the basis of a selection signal which is 
supplied from the outside of the system LSI via an ex- 
ternal terminal. 

[001 0] With the above described construction, the se- 
lection means can be controlled on the basis of the se- 5 
lection signal which is inputted via the selection control 
means to precisely grasp a place, which is being de- 
bugged, and a logical process, which is being de r 
bugged, to select and take out the signal output, so that 
it is possible to precisely detect a place and operation 10 
process as to which logical element and which logical 
portion cause a bug. According to one aspect of the 
present invention, the selection means is designed to 
be capable of selecting and outputting a signal in any 
process in any component of the LSI, such as the proc- 15 
essor circuit, the storage circuit or the peripheral circuit. 
According to another aspect of the present invention, 
the selection means may have a cascade construction 
wherein the processor circuit and the storage circuit are 
provided with first selection means, the peripheral circuit 20 
is provided with second selection means, and third se- 
lection means is provided for selecting a selected one 
of the output signals of the first and second selection 
means. 

[0011] That is, according to the other aspect of the 25 
present invention, the processor circuit has a program 
counter, at least one computing unit, at least one regis- 
ter, and first selection means for optionally selecting and 
outputting at least one value of the program counter, the 
computing unit, the register and the storage circuit, and 30 
the peripheral circuit has second selection means for 
optionally selecting and outputting one of a plurality of 
internal signals in the peripheral circuit, which include 
the output of the functional block, third selection means 
being provided for optionally selecting one of the outputs 35 
of the first and second selection means to output the 
selected one to the outside. 

[0012] According to this aspect, it is possible to op- 
tionally select and output any one of the signal in the 
processor circuit and the signal in the peripheral circuit, 40 
so that it is possible to analyze the internal state of the 
semiconductor integrated circuit in real time. According 
to another aspect of the present invention, the selection 
of the first through third selection means is optionally 
switched by the control of the selection control means. 45 
With this construction, the selection control means can 
be controlled by a signal from the outside to control the 
selection of the first through third selection means from 
the outside. 

[0013] According to a further aspect of the present in- 50 
vention, the selection of the second and third selection 
means may be switched on the basis of the control sig- 
nal which is generated while the processor circuit is op- 
erating, so that it is possible to analyze in real time by 
monitoring the most suitable signal for the operation 55 
state of the processor circuit. According to another as- 
pect of the present invention, it is possible to analyze 
the internal state of each of a plurality of processor cir- 



cuits even if the plurality of processor circuits are pro- 
vided. 

[001 4] According to a still further aspect of the present 
invention, the selected signal maybe serial/parallel con- 
verted or thinned out to be outputted. Thus, the data rate 
of the signal to be monitored can be lowered, so that it 
is possible to prevent the omission of signals to be mon- 
itored. If the selected signal is parallel/serial converted 
to be outputted, the data rate of the signal to be moni- 
tored can be enhanced, and the number of monitoring 
terminals can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] In the drawings: 

FIG. 1 is a block diagram for explaining a conven- 
tional debugging technique; 

FIG. 2 is a block diagram showing a conventional 
system having an MPU serving as a processor cir- 
cuit and a peripheral circuit; 

FIG. 3 is a block diagram showing the construction 
of a conventional system LSI having terminals only 
for monitoring; 

FIG. 4 is a block diagram showing the construction 
of the first preferred embodiment of a system LSI 
according to the present invention as a basic con- 
cept; 

FIG. 5 is a block diagram showing the internal con- 
struction of the second preferred embodiment of a 
system LSI according to the present invention; 
FIG. 6 is a block diagram showing the internal con- 
struction of the third preferred embodiment of a sys- 
tem LSI according to the present invention; 
FIG. 7 is a block diagram showing the internal con- 
struction of the fourth preferred embodiment of a 
system LSI according to the present invention; 
FIG. 8 is a block diagram showing the internal con- 
struction of the fifth preferred embodiment of a sys- 
tem LSI according to the present invention; 
FIG. 9 is a block diagram showing the internal con- 
struction of the sixth preferred embodiment of a sys- 
tem LSI according to the present invention; 
FIG. 10 is a diagram showing a data format of a 
monitor signal which is outputted from a parallel/se- 
rial converter; and 

FIG .11 is a block diagram showing the internal con- 
struction of the seventh preferred embodiment of a 
system LSI according to the present invention. 

DESCRTPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] Referring now to the accompanying drawings, 
the preferred embodiments of a semiconductor integrat- 
ed circuit according to the present invention will be de- 
scribed below. An example of a system LSI comprising 
an MPU core and its peripheral circuit in one chip will 
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be described below. 

(First Preferred Embodiment) 

[0017] Before separate preferred embodiments are 
described, the first preferred embodiment of a system 
LSI according to the present invention, which includes 
the construction of a one-chip system LSI as the basic 
concept of the present invention, will be described re- 
ferring to FIG. 4. 

[0018] In FIG. 4, the first preferred embodiment of a 
one-chip system large-scale integrated circuit (LSI) ac- 
cording to the present invention comprises: a storage 
circuit 2 in which a program 6 and a debug backup (sup- 
port or aid) program 7 have been stored; a processor 
circuit 1 which has a program counter 11, at least one 
computing unit 12 and at least one register 1 3 and which 
carries out a processing operation in accordance with 
the program 2; and a peripheral circuit 3 which has a 
plurality of functional blocks 21 and which is able to send 
and receive signals to and from the processor circuit 1 , 
the peripheral circuit 3 carrying out a predetermined log- 
ical operation in accordance with an input signal. 
[0019] In addition to such a basic construction, the 
system LSI further comprises: selection means 30 for 
optionally selecting any one of outputs from the program 
counter 11 , the computing unit 12 and the register 13 in 
the processor circuit 1 , at least one output of the storage 
circuit 2, and any one of outputs of a plurality of internal 
signals in the peripheral circuit 3 including the output of 
the functional block 21 , to output the selected output to 
an external terminal; and selection control means 4 for 
controlling the selection of the result signal from any op- 
eration process in any one of the processor circuit 1 , the 
storage circuit 2 and the peripheral circuit 3 on the basis 
of a selection signal which is supplied from the outside 
of the system LSI via the external terminal. 
[0020] With the above described construction, it is 
possible to surely recognize which region of the proces- 
sor circuit 1, storage circuit 2 and peripheral circuit 3, 
which are operating in the system LSI, has a bug and 
which operation process causes the bug, on the basis 
of the assignment of the place by the selection signal 
and the output contents of the result signal, so that it is 
possible to provide an excellent debug function . Further- 
more, the selection signal is obtained by simply taking 
out a predetermined result signal, which is outputted 
from the outside to a specific region of each internal 
component circuit via an input pin of the system LSI, to 
the outside via the selection means 30. The selection 
control means 30 does not carry out any special control 
operations, and is designed to output a selection signal, 
which is inputted only to assign a place to be monitored, 
to the selection means 33 so as to be able to assign a 
place, in which the selection means 33 can output a re- 
sult signal from any operation process in any place of 
internal component circuits, and an operation stage in 
any operation process. 



[0021] As a modified example of the construction of 
the system LSI according to the basic concept of the 
present invention, the preferred embodiments of the 
present invention will be described below in detail. 

5 

(Second Preferred Embodiment) 

[0022] FIG. 5 is a block diagram showing the internal 
construction of a system LSI serving as the second pre- 
10 ferred embodiment of a semiconductor integrated circuit 
according to the present invention. The system LSI 
shown in FIG. 5 comprises: an MPU (Microprocessor 
Unit, processor circuit) core 1 ; an internal RAM (random 
access memory/storage circuit) 2 in which a program for 

15 operating the MPU core 1 has been stored; a peripheral 
circuit 3 for sending and receiving signals to and from 
the MPU core 1; and a monitor signal control circuit 4 
for selecting any one of a plurality of monitor signals. 
[0023] The system LSI is connected to a system LSI 

20 peripheral device, so that both send and receive signals 
to and from another. The internal RAM 2 includes a de- 
bug backup functional program in addition to a program 
for operating the MPU core 1 . In the MPU core 1 similar 
to a usual MPU, there are provided a program counter 

25 (PC) 11, an accumulator (Acc/computing unit) 12, vari- 
ous registers (Regs) 13, and a debug backup circuit 14. 
Usually, a plurality of accumulators 12 and a plurality of 
registers 1 3 are provided. The registers 1 3 include gen- 
eral purpose registers, instruction registers and flag <eg- 

30 isters. 

[0024] The peripheral circuit 3 includes at least one 
functional block21. Each functional block21 is designed 
to send and receive signals to and from each other, and 
send and receive signals to and from the MPU core 1 . 
35 Each functional block 21 comprises a logic circuit or a 
combinational circuit, such as a gate circuit or a flip-flop 
circuit. 

[0025] The system LSI in this second preferred em- 
bodiment is provided with first through third signal se- 

40 lection circuits 31 , 32 and 33 as the selection means 30. 
The first signal selection circuit (first selection means) 
31 is provided in the debug backup circuit 14 included 
in the MPU core 1. The second signal selection circuit 
(second selection means) 32 is provided in the periph- 

45 eral circuit 3. The third signal selection circuit (third se- 
lection means) 33 is provided so as to receive the out- 
puts of the first and second signal selection circuits 31 
and 32 to select a final monitor signal. This preferred 
embodiment is characterized in that the three signal se- 

50 lection circuits 31 through 33 are provided, and in that 
the monitor signal control circuit 4 is provided for con- 
trolling the selecting operation of each of the first 
through third signal selection circuits 31 through 33. 
[0026] The first signal selection circuit 31 provided in 

55 the debug backup circuit 14 is designed to select and 
output one of the values of the program counter 11 , the 
accumulator 1 2, the various registers 1 3 and the internal 
RAM 2 on the basis of the control signal from the monitor 
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signal control circuit (selection control means) 4. 
[0027] The second signal selection circuit 32 provided 
in the peripheral circuit 3 is designed to select and output 
one of the outputs of the functional blocks 21 on the ba- 
sis of the control signal from the monitor signal control 5 
circuit 4. 

[0028] The third signal selection circuit 33 is designed 
to select and output one of the outputs of the signal se- 
lection circuits 31 and 32 which are provided in the MPU 
core 1 and the peripheral circuit 3, respectively. The sig- 10 
nal selected by the signal selection circuit 33 is supplied 
to the monitoring terminal of the system LSI. 
[0029] The number of objects to be selected by each 
of the signal selection circuits 31 through 33 should not 
always be one. For example, when a plurality of moni- 15 
toring terminals are provided, a plurality of selected ob- 
jects can be supplied to different monitoring terminals, 
respectively. The monitoring terminals should not al- 
ways be terminals only for monitoring, terminals func- 
tioning as input terminals and/or output terminals during 20 
usual operation of the system LSI may be temporarily 
applied. 

[0030] The debug backup circuit 14 in the MPU core 
1 is designed to carry out debug on the basis of the de- 
bug backup functional program which has been stored 25 
in the internal RAM 2. The monitor signal control circuit 
4 is designed to select one of the signal selection circuit 
31 through 33 on the basis of a monitor control signal 
which has been supplied from the outside. Thus, it is 
possible to switch the internal state in the MPU core 1 30 
and peripheral circuit 3 in optional timing to monitor the 
internal state. 

[0031] Thus, the first preferred embodiment has the 
first signal selection circuit 31 for selecting any one of 
the internal signals of the MPU core 1 , the signal selec- 35 
tion circuit 32 forselecting any one of the internal signals 
of the peripheral circuit 3, and the signal selection circuit 
33 for selecting any one of the outputs of the signal se- 
lection circuits 31 and 32, and can optionally switch the 
selecting operation of each of the signal selection cir- 40 
cuits 31 through 33 if necessary, so that it is possible to 
analyze the internal operation of each of the signal se- 
lection circuits 31 through 33 in real time in detail. If the 
number of monitoring terminals is limited, the plurality 
of monitor signals can be easily switched to be output- 45 
ted, so that it is possible to improve the efficiency of de- 
bug. 

(Third Preferred Embodiment) 

so 

[0032] In the third preferred embodiment of the 
present invention, the operation state of the MPU core 
1 is taken into consideration to select a signal to be mon- 
itored. FIG. 6 is a block diagram showing the internal 
construction of a system LSI serving as the third pre- 55 
ferred embodiment of a semiconductor integrated circuit 
according to the present invention. In FIG. 6, the same 
reference numbers are given to components corre- 



sponding to those in FIG. 5. Different points will be main- 
ly described below. 

[0033] The system LSI in FIG. 6 has the same basic 
construction as that of the system LSI in FIG. 5, and is 
different from the system LSI in FIG. 5 at the point that 
a control signal is supplied from the MPU core 1 to the 
first through third signal selection circuits 31 through 33. 
The control signal from the MPU core 1 is generated 
from an internal control signal generating portion 15, 
and is a signal indicative of the current operation state 
of the MPU core 1 . The control signal transmitted from 
the signal generating portion 15 is outputted to the first 
signal selection circuit 31 which is provided in the debug 
backup circuit 14 in the MPU core 1 , the second signal 
selection circuit 32 which is provided in the peripheral 
circuit 3, and the first signal selection circuit 33 The first 
through third signal selection circuits 31 through 33 are 
designed to select a monitor signal on the basis of an 
external monitor control signal from the monitor signal 
control circuit 4 and a control signal from the internal 
control signal generating portion 15 of the MPU core 1 , 
and specifically, select the optimum monitor signal in ac- 
cordance with the operation state of the MPU core 1 . 
[0034] Thus, in the third preferred embodiment, the 
monitor signal is selected by taking account of the con- 
trol signal from the MPU core 1 in addition to the control 
signal from the monitor signal control circuit 4, so that it 
is possible to switch the monitor signal in accordance 
with the operation state of the MPU core 1 . That is, it is 
possible to always monitor the required signal, so that 
it is possible to improve the efficiency of debug Further- 
more, the monitor signal may be selected in accordance 
with only the control signal from the MPU core 1 , without 
using the control signal from the monitor signal control 
circuit 4. In this case, it is possible to carry out debug 
even if the monitor signal is not inputted from the out- 
side. 

(Fourth Preferred Embodiment) 

[0035] In the fourth preferred embodiment of the 
present invention, a system LSI having a plurality of 
MPU cores 1 is debugged. FIG. 7 is a block diagram 
showing the internal construction of a system LSI serv- 
ing as the fourth preferred embodiment of a semicon- 
ductor integrated circuit according to the present inven- 
tion. In FIG. 7, the same reference numbers are given 
to components corresponding to those in FIG. 6. Differ- 
ent points will be mainly described below. 
[0036] The system LSI in FIG. 7 has a plurality of M PU 
cores 1, and a plurality of internal RAMs 2 in which a 
program for operating each of the MPU cores 1 has 
been stored Each of the MPU cores 1 has a signal se- 
lection circuit 31 . The signal selection circuit is designed 
to select one of the output of the signal selection circuit 
31 of each of the MPU cores 1 , and the output of the 
signal selection circuit 32 in the peripheral circuit 3. 
[0037] Similar to FIG. 6, the signal selection circuits 
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31 , 32 and 33 in FIG. 7 are designed to carry out a se- 
lecting operation on the basis of the control signal from 
the monitor signal control circuit 4 and the control signal 
from the MPU core 1 . Therefore, it is possible to switch 
the monitor signal in real time in accordance with the 
operation stale of the MPU core 1 . 
[0038] Thus, in the fourth preferred embodiment, 
when the plurality of MPU cores 1 are provided in the 
system LSI, each of the MPU cores 1 is provided with 
the signal selection circuit 31 , and any one of the signal 
selection circuits 31 can be optionally selected, so that 
the operation state of each of the MPU cores 1 can be 
monitored in real time. In addition, since the signal se- 
lection circuits 32 and 33 are designed to select the 
monitor signal in accordance with the operation state of 
each of the MPU cores 1 , it is possible to monitor the 
most suitable signal for debugging, so that it is possible 
to enhance the efficiency of debug. 

(Fifth Preferred Embodiment) 

[0039] In the fifth preferred embodiment of the present 
invention, a monitor signal is serial/parallel converted to 
be outputted from a plurality of terminals. FIG. 8 is a 
block diagram showing the internal construction of a 
system LSI serving as the fifth preferred embodiment of 
a semiconductor integrated circuit according to the 
present invention. In FIG. 8, the same reference num- 
bers are given to components corresponding to those 
in FIG. 7. Different points will be mainly described below. 
[0040] In the system LSI in the fifth preferred embod- 
iment shown in FIG. 8, a third signal selection circuit 33A 
comprises a signal selecting portion 33, and a serial/ 
parallel converter 34 for serial/parallel converting an 
output signal from the signal selecting portion 33. Other 
constructions are the same as those in FIG. 7. The out- 
put of the serial/parallel converter 34 is supplied to a 
plurality of monitoring terminals. 

[0041 ] If the monitor signal is serial/parallel converted 
to be supplied to the plurality of monitoring terminals, 
the frequency (data rate) of the monitor signal can be 
substantially lowered, so that it is possible to monitor 
the signal without omission even if the monitor signal is 
suddenly varied 

(Sixth Preferred Embodiment) 

[0042] Contrary to the fifth preferred embodiment, in 
the sixth preferred embodiment of the present invention, 
a plurality of signals to be monitored are supplied to 
monitoring terminals after being parallel/serial convert- 
ed. FIG. 9 is a block diagram showing the internal con- 
struction of a system LSI serving as the sixth preferred 
embodiment of a semiconductor integrated circuit ac- 
cording to the present invention. In FIG. 9, the same ref- 
erence numbers are given to components correspond- 
ing to those in FIG. 7. Different points will be mainly de- 
scribed below. A third signal selection circuit 33B in FIG. 



9 comprises a signal selecting portion 33, and a parallel/ 
serial converter 35 for parallel/serial converting the out- 
put of the signal selecting portion 33. 
[0043] The signal selection circuit 33 in FIG. 9 is de- 

5 signed to output at least two kinds of monitor signals. 
These monitor signals are inputted to the parallel/serial 
converter 35 to be converted into a single monitor signal 
to be supplied to the monitoring terminal. FIG. 10 shows 
a data format of a monitor signal which is outputted from 

10 the parallel/serial converter 35. The parallel/serial con- 
verter 35 is designed to time-division multiplex monitor 
signals a1 through a4 shown in FIG. 10(a), and monitor 
signals b1 through b4 shown in FIG. 1 0(b), to obtain sig- 
nals shown in FIG. 10(c). By time-division multiplexing 

15 as shown in the figure, the frequency (data rate) of the 
monitor signals is enhanced, so that it is possible to in- 
crease the amount of information per unit time. That is, 
it is possible to enhance the band width of the final mon- 
itor signal, and it is possible to carry out debug in a short 

20 time. 

[0044] It is also possible to decrease the number of 
the monitoring terminals by the parallel/serial conver- 
sion, so that it is possible to inhibit the number of pins 
of the semiconductor integrated circuit from being in- 
25 creased. Furthermore, a parallel/serial converter for 
parallel/serial converting at least one of the output sig- 
nals of the first and second signal selection circuits 31 
and 32. 

30 (Seventh Preferred Embodiment) 

[0045] In place of the serial/parallel converter 34 in 
FIG. 8, a signal thinning-out circuit 36 in the seventh pre- 
ferred embodiment shown in FIG. 11 may be provided. 

35 The signal thinning-out circuit 36 is designed to incor- 
porate monitor signals at regular intervals to substan- 
tially lower the frequency (data rate) of the monitor sig- 
nals without increasing the number of monitoring termi- 
nals. In FIG. 1 1 . a third signal selection circuit 33C com- 

^0 prises a signal selecting portion 33, and a signal thin- 
ning-out circuit 36 for thinning out the output of the signal 
selecting portion 33. 

[0046] Since the signal thinning-out circuit 36 incor- 
porates only a part of the monitor signals, a part of in- 
45 formation is missed, but it is possible to grasp the sche- 
matic variation in monitor signals. Therefore, this pre- 
ferred embodiment is effective when it is intended to 
monitor a signal having a signal level varying in a long 
cycle. 

so [0047] Furthermore, a signal tinning-out circuit for 
substantially lowering the frequency (data rate) of at 
least one of the output signals of the first and second 
signal selection circuits 31 and 32 shown in FIG. 11 may 
be provided. 

55 

(Eighth Preferred Embodiment) 

[0048] In the above described preferred embodi- 
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merits, the final monitor signal outputted from the signal 
selection circuit may be supplied to a terminal only for 
monitoring, which is provided in the system LSI, or may 
be supplied to a terminal which is used as an input ter- 
minal or an output terminal during usual operation. 
[0049] If the terminal only for monitoring is provided, 
it is not required to switch the signal in the system LSI, 
so that it is possible to simplify the internal construction 
of the system LSI. If the terminal used as the input ter- 
minal or the output terminal during usual operation is 
commonly used, it is possible to monitor various signals 
without increasing the number of terminals of the system 
LSI. That is, it is possible to effectively utilize the termi- 
nals of the system LSI. 

[0050] In the above described preferred embodi- 
ments, while the values of the program counter 11 in the 
MPU core 1, accumulator 12 and various registers 13 
have been selected by the signal selection circuit, the 
concrete circuit block for analyzing the internal state of 
the MPU core 1 should not particularly been limited. 
Similarly, the concrete circuit block for analyzing the in- 
terna! state of the peripheral circuit 3 should not partic- 
ularly be limited. 

[0051] As described above in detail, according to the 
present invention, it is possible to optionally select and 
output one of a signal, which is optionally selected from 
internal signals of the control circuit, such as a micro- 
processor, and a signal which is optionally selected from 
internal signals of the peripheral circuit. Therefore, it is 
possible to switch and output the monitor signal in real 
time, so that it is possible to enhance the efficiency of 
debug. 

[0052] In addition, if the monitor signal is switched on 
the basis of the control signal from the processor circuit, 
it is possible to switch the monitor signal in accordance 
with the operation state of the processor circuit, so that 
it is possible to efficiently carry out debug even if the 
number of signals to be monitored is small. 
[0053] While the present invention has been dis- 
closed in terms of the preferred embodiment in order to 
facilitate better understanding thereof, it should be ap- 
preciated that the invention can be embodied in various 
ways without departing from the principle of the inven- 
tion Therefore, the invention should be understood to 
include all possible embodiments and modification to 
the shown embodiments which can be embodied with- 
out departing from the principle of the invention as set 
forth in the appended claims. 



Claims 

1. A system LSI comprising: 

a storage circuit in which at least one program 
has been stored; 

at least one processor circuit for carrying out a 
processing operation in accordance with said 



program, said processor circuit having a pro- 
gram counter, at least one computing unit and 
at least one register; and 
a peripheral circuit, capable of sending and re- 
5 ceiving a signal to and from said processor cir- 

cuit, for carrying out a predetermined logical 
operation in accordance with an input signal, 
said peripheral circuit having at least one func- 
tional block, 

10 said system LSI further comprising: 

selection means for optionally selecting 
one of the outputs of said program counter, 
said computing unit and said register in 
'5 said processor circuit, at least one output 

of said storage circuit, and one of the out- 
puts of a plurality of internal signals in said 
peripheral circuit including the output of 
said functional block; and 
20 selection control means for controlling se- 

lection of a result signal from any operation 
process in any place of said processor cir- 
cuit, said storage circuit and said peripher- 
al circuit, on the basis of a selection signal 
25 which is supplied from the outside otsaid 

system LSI via an external terminal. 

2. A system LSI as set forth in claim 1 , wherein said 
processor circuit further comprises a debug backup 

30 circuit having an internal control signal generating 
portion for generating an internal control signal dur- 
ing a processing operation, and said selection 
means carries out a selecting operation on the basis 
of said internal control signal, which is generated by 

35 said internal control signal generating portion of 

said processor circuit, and said selection signal 
which is supplied from the outside. 

3. A system LSI as set forth in claim 1 , wherein said 
40 selection means comprises: 

a first selection circuit, provided in said proces- 
sor circuit, for optionally selecting and output- 
ting at least one value of said program counter, 
45 said computing unit, said register and said stor- 

age circuit; 

a second selection circuit, provided in said pe- 
ripheral circuit, for optionally selecting and out- 
putting one of a plurality of internal signals in 

50 said peripheral circuit, which include the output 

of said functional block; and 
a third selection circuit for optionally selecting 
one of the outputs of said first and second se- 
lection circuits to output the selected one to the 

55 outside. 

4. A system LSI as set forth in claim 3, wherein said 
processor circuit further comprises a debug backup 
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circuit having an interna! control signal generating 
portion for generating an internal control signal dur- 
ing a processing operation, and said first through 
third selection circuits carry out a selecting opera- 
tion on the basis of said internal control signal, s 
which is generated by said internal control signal 
generating portion of said processor circuit, and 
said selection signal which is supplied from the out- 
side. 

10 

5. A system LSI as set forth in claim 3, which further 
comprises a plurality of processor circuits, each of 
which is i;aid processor circuit according to claim 3, 
and 

wherein said second selection circuit carries is 
out a selecting operation on the basis of a control 
signal which is generated while each of said plural- 
ity of processor circuits is operating, and 

said third selection circuit optionally selects 
one of the output of said first selection means and 20 
the output of said second selection means on the 
basis of a control signal, which is generates while 
each of said plurality of processor circuit is operat- 
ing, and a control signal which is supplied from the 
outside, to output the selected output to the outside. 25 

6. A system LSI as set forth in claim 5, wherein each 
of said plurality of processor circuits comprises a 
debug backup circuit having an internal control sig- 
nal generating portion for generating an internal 30 
control signal during a processing operation, and 
said first through third selection circuits carry out a 
selecting operation on the basis of said internal con- 
trol signal, which is generated by said internal con- 
trol signal generating portion of each of said plurality 35 
of processor circuits, and said selection signal 
which is supplied from the outside. 



ing and receiving signals to and from a system LSI 
peripheral device. 

11. A system LSI as set forth in claim 10, wherein any 
one of said plurality of input/output terminals is used 
for inputting/outputting a monitor control signal for 
debug and a monitor signal. 

12. A system LSI as set forth in claim 1 , wherein said 
LSI further comprises an input terminal only for in- 
putting a monitor control signal for debug, and an 
output terminal only for outputting the monitorsignal 
after monitoring. 



7. A system LSI as set forth in claim 5, wherein at least 
one of said first, second and third selection circuits 40 
has a serial/parallel converter circuit for serial/par- 
allel converting a selected signal to output the con- 
verted signal to the outside of said LSI. 

8. A system LSI as set forth in claim 5, wherein at least 45 
one of said first, second and third selection circuits 
has a parallel/serial converter circuit for parallel/se- 
rial converting a selected signal to output the con- 
verted signal to the outside of said LSI. 

50 

9. A system LSI as set forth in claim 5, wherein at least 
one of said first, second and third selection circuits 
has a thinning-out circuit for thinning out selected 
signals at regular intervals to output the thinned-out 
signals to the outside of said LSI. 55 

10. A system LSI as set forth in claim 1, wherein said 
LSI has a plurality of input/output terminals for send- 
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storage circuit, and one of the outputs of a plurality of 
internal signals in the peripheral circuit including the out- 
put of the functional block; and a monitor control element 
for controlling selection of a result signal from any oper- 
ation process in any place of the processor circuit, the 
storage circuit and the peripheral circuit, on the basis of 
an external monitor signal which is supplied from the out- 
side of the system LSI via an external terminal. Thus, 
when the debug of the one-chip system LSI is monitored, 
a region and operation process having caused a bug can 
be precisely monitored, so that it is possible to carry out 
an efficient debug. 
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